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SIMPLE STRUCTURE OF FUEL PRESSURE REGULATOR 
DESIGNED TO MINIMIZE PRESSURE LOSS 

BACKGROUND OF THE INVENTION 

1 Technical Field of the Invention 
5 The present invention relates generally to a fuel pressure 

regulator working to regulate the pressure of fuel supplied from a 
fuel tank to an internal combustion engine through a fuel pump, 
and more particularly to a simple structure of such a fuel pressure 
regulator designed to minimize a pressure loss of fuel. 

10 2 Background Art 

Japanese Patent First Publication No. 2000-45897 discloses 
a fuel pressure regulator which has a diaphragm working to move a 
valve body. The diaphragm is made of a rubber film for the purpose 
of achieving a hermetic seal within the pressure regulator. The 

15 diaphragm has an outer periphery retained entirely in a crimped end 
of a regulator housing to define two chambers in one of which the 
pressure of fuel works to open a valve body and in other of which no 
fuel pressure acts on the valve body. This type of pressure 
regulator requires two separate housings; one for hermetically 

20 sealing a chamber within which the fuel pressure works to open a 
valve body and the other for hermetically sealing a chamber within 
which no fuel pressure acts on the valve body, thus resulting in 
increased parts of the pressure regulator. 

DE 101 07 224 Al discloses a fuel pressure regulator 

25 designed to move a valve body away from a valve seat through the 
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pressure of fuel exerted directly on the valve body without use of a 
diaphragm. The pressure regulator also has an L-shaped plate 
spring working to urge the valve body to close a fuel outlet formed in 
the valve seat. The fuel passes through an intricately curved flow 
5 path along the L-shaped plate spring located downstream of the fuel 
outlet, thus resulting in a loss of the fuel pressure. 

SUMMARY OF THE INVENTION 

It is therefore a principal object of the invention to avoid the 
disadvantages of the prior art. 

10 It is another object of the invention to provide a simple 

structure of a fuel pressure regulator. 

It is a further object of the invention to provide a fuel 
pressure regulator designed to minimize a pressure loss of fuel. 

According to one aspect of the invention, there is provided a 

15 fuel pressure regulator for an internal combustion engine. The fuel 
pressure regulator comprises: (a) a housing having a fuel inlet and a 
fuel outlet, the fuel inlet being adapted to connect with a fuel 
delivery pipe through which fuel pumped out of a fuel tank is 
delivered to an internal combustion engine, the fuel outlet adapted 

20 to connect with the fuel tank; (b) a seat member disposed within the 
housing, the seat member having a flow path formed therein, a seat 
opening, and a valve seat formed around the seat opening, the flow 
path allowing the fuel to flow from the fuel inlet to the fuel outlet of 
the housing and leading to the seat opening; (c) a valve member 

25 disposed within the housing downstream of the valve seat of the seat 
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member in a flow of the fuel through the flow path of the seat 
member, the valve member being adapted to abut on the valve seat 
to close the seat opening and to be moved upon application of 
pressure of the fuel flowing through the flow path of the seat 
5 member to open the seat opening for regulating the pressure of the 
fuel delivered to the internal combustion engine; and (d) an urging 
member working to urge the valve member into abutment with the 
valve seat to close the seat opening of the seat member. Specifically, 
the fuel pressure regulator is designed to move the valve member 

10 away from the valve seat through the pressure of fuel applied 

directly to the valve member without use of a diaphragm which is 
installed on some of the conventional structures, as discussed in the 
introductory part of this application, thus resulting in a simplified 
structure of the fuel pressure regulator. 

15 In the preferred mode of the invention, the urging member is 

implemented by a plate spring which has an outer periphery 
retained by the housing. Use of the plate spring results in a 
simplified structure of the pressure regulator. 

The plate spring has an opening which establishes a fluid 

20 communication between the seat opening of the seat member and 
the fuel tank. 

The urging member may hold the valve member firmly 
thereon within the housing. 

The plate spring may be retained by a crimped portion of the 
25 housing. 

According to the second aspect of the invention, there is 



4 

provided a fuel pressure regulator for an internal combustion engine 
which comprises: (a) a housing having a fuel outlet adapted to 
connect with a fuel tank; (b) a seat member having a fuel inlet, a seat 
opening, and a valve seat formed around the seat opening, the fuel 
5 inlet being adapted to connect with a fuel delivery pipe through 
which fuel pumped out of the fuel tank is delivered to an internal 
combustion engine, the seat opening establishing a fluid 
communication between the fuel inlet and the fuel outlet of the 
housing; (c) a valve member disposed between the valve seat of the 

10 seat member and the fuel outlet of the housing, the valve member 
being adapted to abut on the valve seat to close the seat opening and 
to be moved upon application of pressure of the fuel thereto to open 
the seat opening for regulating the pressure of the fuel delivered to 
the internal combustion engine; and (d) an urging member disposed 

15 at the fuel outlet of the housing to urge the valve member into 

abutment with the valve seat to close the seat opening of the seat 
member. Specifically, the fuel pressure regulator is designed to 
move the valve member away from the valve seat through the 
pressure of fuel applied directly to the valve member without use of a 

20 diaphragm which is installed on some of the conventional structures, 
as discussed in the introductory part of this application, thus 
resulting in a simplified structure of the fuel pressure regulator. 

In the preferred mode of the invention, the urging member is 
implemented by a plate spring which has an outer periphery 

25 retained by the housing. Use of the plate spring results in a 
simplified structure of the pressure regulator. 
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The plate spring has an opening which establishes a fluid 
communication between the seat opening of the seat member and 
the fuel tank. 

The urging member works to hold the valve member within 
5 the housing to avoid dislodgement of the valve member from the 
urging member. 

The plate spring is retained by a crimped portion of the 
housing. 

According to the third aspect of the invention, there is 

10 provided a fuel pressure regulator for an internal combustion engine 
which comprises: (a) a seat member a seat opening, and a valve seat 
formed around the seat opening, the seat opening leading to a fuel 
delivery pipe through which fuel pumped out of a fuel tank is 
delivered to an internal combustion engine; (b) a valve member 

15 disposed downstream of the valve seat of the seat member in a flow 
of the fuel, the valve member being adapted to abut on the valve seat 
to close the seat opening and to be moved upon application of 
pressure of the fuel thereto to open the seat opening for regulating 
the pressure of the fuel delivered to the internal combustion engine; 

20 and (c) a plate spring working to urge the valve member into 

abutment with the valve seat to close the seat opening of the seat 
member. The plate spring includes an outer portion retained to be 
stationary, an inner portion retained to be movable, at least one 
annular portion retained between the outer portion and the inner 

25 portion, and an outside and an inside joint portions. The outside 
joint portion connects the outer portion and the annular portion 
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together. The inside joint portion connects the annular portion and 
the inner portion together. The outside and inside joint portions 
are opposed diametrically to each other across the center of the plate 
spring. 

5 The valve member is, as described above, located 

downstream of the seat opening so as to diffuse the fuel from inside 
to outside the seat opening when the valve member is moved away 
from the valve seat, thereby minimizing a contracted flow of the fuel 
which may cause vapor of the fuel to occur leading to noisy 

10 vibrations of the pressure regulator. Use of the plate spring permits 
the structure of the pressure regulator to be reduced in size. 
Additionally, the above structure of the plate spring provides for 
accurate control of an opened area of the seat opening. Specifically, 
such accurate control is achieved by designing the plate spring so as 

15 to keep the inner portion on which the valve member is placed nearly 
perpendicular to a thickness-wise direction of the plate spring. 

Application of the pressure of fuel to the center (i.e., the inner 
portion) of the plate spring in a thickness-wise direction causes the 
plate spring to be deformed into a three-dimensional zigzag form in 

20 which the plate spring is folded at the outside and inside joint 
portions, as illustrated in Fig. 16. If the angle between spring 
elements located inside and outside one of the inside and outside 
joint portions (e.g., the outer portion and the annular portion or the 
annular portion and the inner portion) is defined as 0 n where n = 1 , 

25 2,3, •••fc(e.g., 0 1 to 0 4 in Fig. 16), the angle 9 which the outer 
portion makes with the inner portion (e.g., 0 5 in Fig. 16) is 
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approximated as 

if fc=2m, e= ((9 2-0 1) + (64-63) +• • •+ (6k-6k-l) 
ifk=2m+l, 0=(01-0 2)+--- + +dk 

5 

The above equations show that the structure of the spring 
plate serves to decrease the rate of increase in angle 6 between the 
outer portion and the inner portion resulting from a stroke of the 
inner portion. Specifically, the plate spring works to keep the inner 

10 portion on which the valve member is placed nearly perpendicular to 
the thickness-wise direction of the plate spring, thus achieving the 
accurate control of an opened area of the seat opening. This 
enables the pressure of fuel flowing upstream of the seat opening to 
be controlled accurately. 

15 In the preferred mode of the invention, the valve member is in 

abutment with the inner portion of the plate spring so as to be 
movable in a direction substantially perpendicular to a line 
extending in the thickness-wise direction of the plate spring. 
Alignment of the valve member with the center of the seat opening 

20 may be achieved only by urging the valve member toward the valve 
seat. 

The fuel pressure regulator may also include a second 
annular portion disposed between the annular portion and the outer 
portion. The second annular portion is greater in rigidity than the 
25 annular portion. This results in uniform in distortion created in 
the annular portions. 
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According to the fourth aspect of the invention, there is 
provided a fuel pressure regulator for an internal combustion engine 
which comprises: (a) a seat member a seat opening, and a valve seat 
formed around the seat opening, the seat opening leading to a fuel 
5 delivery pipe through which fuel pumped out of a fuel tank is 

delivered to an internal combustion engine; and (b) a plate spring 
disposed downstream of the valve seat of the seat member in a flow 
of the fuel. The plate spring includes an outer portion retained to 
be stationary, an inner portion retained to be movable, at least one 

10 annular portion retained between the outer portion and the inner 
portion, and an outside and an inside joint portions. The inner 
portion is adapted to abut on the valve seat to close the seat opening 
and to be moved upon application of pressure of the fuel thereto to 
open the seat opening for regulating the pressure of the fuel 

15 delivered to the internal combustion engine. The outside joint 

portion connects the outer portion and the annular portion together. 
The inside joint portion connects the annular portion and the inner 
portion together. The outside and inside joint portions is opposed 
diametrically to each other across the center of the plate spring. 

20 In the preferred mode of the invention, the fuel pressure 

regulator may also include a second annular portion disposed 
between the annular portion and the outer portion. The second 
annular portion is greater in rigidity than the annular portion. 
According to the fifth aspect of the invention, there is 

25 provided a fuel pressure regulator for an internal combustion engine 
which comprises: (a) a seat member a seat opening, and a valve seat 
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formed axound the seat opening, the seat opening leading to a fuel 
delivery pipe through which fuel pumped out of a fuel tank is 
delivered to an internal combustion engine; (b) a valve member 
disposed downstream of the valve seat of the seat member in a flow 
5 of the fuel, the valve member being adapted to abut on the valve seat 
to close the seat opening and to be moved upon application of 
pressure of the fuel thereto to open the seat opening for regulating 
the pressure of the fuel delivered to the internal combustion engine; 
and (c) a plate spring working to urge the valve member into 

10 abutment with the valve seat to close the seat opening of the seat 
member. The plate spring includes an outer portion retained to be 
stationary, a center portion abutting the valve member and retained 
to be movable, and at least two spring portions retained between the 
outer portion and the center portion. Each of the spring portions 

15 has a first end joined to the outer portion and a second end joined to 
the center portion. The second ends are joined to an outer 
periphery of the center portion at equi-angular intervals. This 
keeps the center portion oriented nearly perpendicular to the 
thickness- wise direction of the plate spring, thus achieving accurate 

20 control of an opened area of the seat opening. 

In the preferred mode of the invention, the valve member is in 
abutment with the center portion of the plate spring so as to be 
movable in a direction substantially perpendicular to a line 
extending in the thickness- wise direction of the center portion. 

25 The spring portions of the plate spring are of a zigzag shape, 

thereby resulting in an increased length of the spring portions. 
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The spring portions of the plate spring may alternatively be of 
a spiral shape, thereby resulting in an increased length of the spring 
portions. 

Each of the spring portions may have rigidity which increases 
5 from the second end to the first end. 

According to the sixth aspect of the invention, there is 
provided a fuel pressure regulator for an internal combustion engine 
which comprises: (a) a seat member a seat opening, and a valve seat 
formed around the seat opening, the seat opening leading to a fuel 
10 delivery pipe through which fuel pumped out of a fuel tank is 

delivered to an internal combustion engine; and (b) a plate spring 
disposed downstream of the valve seat of the seat member in a flow 
of the fuel. The plate spring includes an outer portion retained to 
be stationary, a center portion adapted to abut on the valve seat to 
15 close the seat opening of the seat member and retained to be 

movable, and at least two spring portions retained between the outer 
portion and the center portion. Each of the spring portions has a 
first end joined to the outer portion and a second end joined to the 
center portion. The second ends being joined to an outer periphery 
20 of the center portion at equi-angular intervals. 

In the preferred mode of the invention, the spring portions of 
the plate spring are of a zigzag shape. 

The spring portions of the plate spring may alternatively be of 
a spiral shape. 

25 Each of the spring portions may have rigidity which increases 

from the second end to the first end. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully from the 
detailed description given hereinbelow and from the accompanying 
drawings of the preferred embodiments of the invention, which, 
5 however, should not be taken to limit the invention to the specific 
embodiments but are for the purpose of explanation and 
understanding only. 

In the drawings: 

Fig. 1 is a schematic illustration which shows an automotive 
10 fuel delivery system equipped with a fuel pressure regulator 
according to the first embodiment of the invention; 

Fig. 2 is a longitudinal sectional view which shows a fuel 
pressure regulator according to the first embodiment of the 
invention; 

15 Fig. 3 is a plane view which shows a plate spring used in the 

fuel pressure regulator, as illustrated in Fig. 2; 

Fig. 4 is a side view which shows a plate spring undergoing a 
stroke when a fuel pressure regulator is opened; 

Fig. 5 is a longitudinal sectional view which shows a fuel 
20 pressure regulator according to the second embodiment of the 
invention; 

Fig. 6 is a longitudinal sectional view which shows a fuel 
pressure regulator according to the third embodiment of the 
invention; 

25 Fig. 7 is a plane view which shows the first modified form of a 

plate spring used in a fuel pressure regulator; 
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Fig. 8 is a plane view which shows the second modified form 
of a plate spring used in a fuel pressure regulator; 

Fig. 9 is a plane view which shows the third modified form of 
a plate spring used in a fuel pressure regulator; 
5 Fig. 10 is a plane view which shows the fourth modified form 

of a plate spring used in a fuel pressure regulator; 

Fig. 1 1 is a plane view which shows the fifth modified form of 
a plate spring used in a fuel pressure regulator; 

Fig. 12 is a plane view which shows the sixth modified form of 
10 a plate spring used in a fuel pressure regulator; 

Fig. 13 is a plane view which shows the seventh modified 
form of a plate spring used in a fuel pressure regulator; 

Fig. 14 is a plane view which shows the eighth modified form 
of a plate spring used in a fuel pressure regulator; 
15 Fig. 15 is a plane view which shows the ninth modified form 

of a plate spring used in a fuel pressure regulator; 

Fig. 16 is a side view which shows inclinations of annular 
strips of a plate spring when deflected by an excessive fuel pressure; 

Fig. 17(a) is a partially sectional view which shows movement 
20 of a valve ball of a fuel pressure regulator of the invention; 

Fig. 17(b) is a partially sectional view which shows a 
comparative example; 

Fig. 18(a) is a partially sectional view which shows a flow of 
fuel when a valve ball is moved away from a valve seat in a fuel 
25 pressure regulator of the iinvention; 

Fig. 18(b) is a partially sectional view which shows a flow of 
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fuel when a fuel pressure regulator of a comparative example is 
opened; 

Fig. 19 is a longitudinal sectional view which shows a fuel 
pressure regulator according to the fourth embodiment of the 
5 invention; and 

Fig. 20 is a longitudinal sectional view which shows a fuel 
pressure regulator according to the fifth embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 Referring to the drawings, wherein like reference numbers 

refer to like parts in several views, particularly to Fig. 1, there is 
shown a fuel pressure regulator 18 according to the first 
embodiment of the invention which may be employed in automotive 
vehicles. The following discussion will refer, as an example, to such 

15 use. 

The fuel pressure regulator 18 works to regulate the pressure 
of fuel which is pumped by a fuel pump 26 out of a fuel tank 10 and 
delivered to fuel injectors 14 installed in an internal combustion 
engine. 

20 The fuel pump 26 is, as clearly shown in the drawing, of an 

in- tank type. Specifically, the fuel pump 26 is installed within the 
fuel tank 10 and has a fuel inlet to which a suction filter 30 is 
connected and a fuel outlet to which a fuel filter 22 is connected. 
The fuel pump 26 works to suck the fuel through the suction filter 

25 30 from the fuel tank 10 and discharge it to the injectors 14 through 
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the fuel filter 22. 

The fuel pressure regulator 18 is joined to a fuel delivery pipe 
16 which extends from a return pipe 12 through which the fuel flows 
from the fuel filter 22 to the injectors 14. The fuel pressure regular 
5 18, as can been seen from Fig. 2, includes a housing 38, a seat body 
42, a valve ball 32, and a plate spring 28. 

The housing 38 is made of a metallic hollow cylinder which 
has a fuel inlet 20 leading to the fuel delivery pipe 16 and a fuel 
outlet 36 leading to inside the fuel tank 10. The fuel enters the fuel 
10 inlet 20 from the fuel delivery pipe 16. 

The seat body 42 is made of a metallic hollow cylinder and 
press fit within the housing 38. The seat body 42 has an inner wall 
24 defining a fuel path and a valve seat 34 formed on a downstream 
corner (i.e., a lower corner, as viewed in the drawing) of the inner 
15 wall 24. The valve seat 34 defines a seat opening 40 which works 
as an outlet of the seat body 42 leading to the fuel inlet 20 and the 
fuel outlet 36 of the housing 38. 

The valve ball 32 is made of metal and urged into constant 
abutment with the valve seat 34 by the plate spring 28 within the 
20 housing 38. Specifically, the valve ball 32 is sized to close the seat 
opening 40 upon abutment on the valve seat 34. The valve ball 32 
is caught in a circular opening 70, as clearly shown in Fig. 2, of the 
plate spring 28. 

The plate spring 28 is installed in the fuel outlet 36 of the 
25 housing 38. The installation is achieved by crimping an outiet end 
39 of the housing 38 inwardly. The plate spring 28 is, as clearly 
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shown in Figs. 2 and 3, made of an elastic plate having a circular 
profile and consists of a plurality of annular strips 44, 46, 48, 50, 
and 52 arrayed coaxially with each other and joint portions 54, 56, 
66, and 68 connecting between adjacent two of the annular strips 44, 
5 46, 48, 50, and 52. The plate spring 28 has formed therein 

coaxially arrayed C- shaped slits 58, 60, 62, and 64 and the circular 
opening 70. The circular opening 70 is formed in the center of the 
plate spring 28. Each of the annular strips 46, 48, and 50 has one 
of the joint portions 54 to 68 used to establish a mechanical joint to 

10 an outside one of the annular strips 44 to 52 and 180 ° opposed 
one of the joint portions 54 to 68 used to establish a joint to an 
inside one of the annular strips 44 to 52. The width and/ or 
thickness of each of the annular strips 44 to 52 may be either 
uniform or nonuniform over a length thereof. Additionally, of 

15 adjacent two of the annular strips 44 to 52, an outside one may be 
greater in width and /or thickness than an inside one for increasing 
the rigidity thereof. 

When pressure is exerted on the center of the plate spring 28 
in a thickness-wise direction thereof (i.e., a direction perpendicular 

20 to the drawing), it will cause the plate spring 28 to be deformed 
elastically or undergo a stroke, as clearly shown in Fig. 4. 
Specifically, the plate spring 28 works to urge the valve ball 32 
toward the valve seat 34 at all the time. 

Instead of the plate spring 28, a coil spring may be used to 

25 bias the valve ball 32 to the valve seat 34, but however, use of a thin 
flat spring, like the plate spring 28, permits the fuel pressure 
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regulator 18 to be decreased in length and also simplified in 
structure. The installation of the plate spring 28 in the housing 38 
may alternatively be achieved using screws, however, the crimping 
of the outlet end 39 of the housing 38, as described above, results in 
5 a simplified structure of the fuel pressure regulator 18. 

The formation of the C-shaped slits 58, 60, 62, and 64 in the 
plate spring 28 installed downstream of the valve seat 34 results in 
simplified fuel path through which the fuel flowing from the seat 
opening 40 goes out of the fuel outlet 36. This permits the housing 

10 38 to be so structured, as can be seen from Fig. 1, as to define a 
straight flow path extending along a longitudinal center line of the 
housing 38. The housing 38 has, as clearly illustrated in Fig. 1, a 
wider downstream end wall which defines a wider area of the fuel 
outlet 36, thus allowing the slits 58, 60, 62, and 64 of the plate 

15 spring 28 to be increased in airea. This leads to a decreased loss of 
the pressure of the fuel flowing from the valve seat 34 out of the fuel 
outlet 36. 

The operation of the fuel pressure regulator 18 will be 
described below. 

20 When the pressure of fuel supplied to the injectors 14 

through the fuel delivery pipe 12 to the injectors 14 exceeds a 
preselected limit level, the pressure of fuel flowing through the 
return pipe 16 to the fuel pressure regulator 18 acts on and urges 
the valve ball 32 away from the valve seat 34 against the elastic 

25 pressure of the plate spring 28, thereby opening the seat opening 40 
to establish a fluid communication between the fuel inlet 20 and the 
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fuel outlet 36 of the housing 38. This causes an excess of the 
pressure of fuel flowing through the fuel delivery pipe 12 to escape 
from the return pipe 16 into the fuel pressure regulator 18 which is, 
in turn, released out of the slits 58, 60, 62, and 64 of the plate spring 
5 28 into the fuel tank 10. In this manner, the pressure of fuel 
supplied through the fuel delivery pipe 12 to the injectors 14 is 
regulated below the limit level. 

As apparent from the above discussion, the fuel pressure 
regulator 18 has the valve ball 32 disposed downstream of the valve 

10 seat 34 within the housing 38, thereby enabling the valve ball 32 to 
be lifted from the valve seat 34 only by the fuel pressure acting on 
the valve badl 32 itself without use of a diaphragm which is installed, 
as discussed in the introductory part of this application, in some of 
typical fuel pressure regulators to define two chambers hermetically 

15 on an upstream side of a valve seat. Specifically, the fuel pressure 
regulator 18 of this embodiment is simpler in structure than the 
typical ones using the diaphragm. 

Fig. 5 shows a fuel pressure regulator 72 according to the 
second embodiment of the invention. The same reference numbers 

20 as employed in the first embodiment refer to the same parts, and 
explanation thereof in detail will be omitted here. 

A seat body 42 is so installed within a housing 76 so as to 
project partially outside the housing 76. The fuel enters a fuel inlet 
74 of the seat body 42 from the third pipe line 16, as illustrated in 

25 Fig. 1. The spring plate 28 has a central portion 78 in which no 
opening is formed. Specifically, unlike the first embodiment, the 
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plate spring 28 permits the valve ball 32 from moving laterally (i.e., a 
direction perpendicular to the thickness of the plate spring 28). 
The plate spring 28 works to urge the valve ball 32 into coaxial 
alignment with valve seat 34 of the seat body 42 to close the seat 
5 opening 40. 

Fig. 6 shows a fuel pressure regulator 80 according to the 
third embodiment of the invention. The same reference numbers 
as employed in the second embodiment refer to the same parts, and 
explanation thereof in detail will be omitted here. 

10 The fuel pressure regulator 80 has a second hollow 

cylindrical housing 88 disposed downstream of the housing 76. the 
second housing 88 is of a circular cross section and has an 
upstream end 88 1 is fixed together with the plate spring 28 within 
the outlet end 39 of the housing 76. Such installation is achieved 

15 by crimping the outlet end 39 of the housing 76 inwardly. The 

second housing 88 also has a downstream end 882 which defines a 
fuel outlet 82. The plate spring 28 has slits 84 and 86 which 
establish a fluid communication between the fuel outlet 82 and the 
seat opening 40 when the valve ball 32 is moved away from the valve 

20 seat 34. The operation of the fuel pressure regulator is 

substantially the same as that in the first embodiment, and 
explanation thereof in detail will be omitted here. 

Figs 7 to 15 show modifications of the plate spring 28 which 
may be employed in each of the first to third embodiment, as 

25 described above, and following embodiments, as discussed later. 
The same reference numbers, as employed through Figs. 7 to 15, 
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refer to the same parts. 

The spring plate 118, as illustrated in Fig. 7, is made up of a 
rectangular strips 100, 102, 104, and 106, a straight center strip 
108, and joint portions 110, 112, 1 14, and 116 connecting the strips 
5 100 to 108. The joint portions 1 10 and 112 are 180 degree opposed 
to the joint portions 114 and 1 16 in alignment with the length of the 
center strip 108, thereby causing the spring plate 28 to be deflected 
in substantially the same manner, as illustrated in Fig. 4, when the 
valve ball 32 is moved downstream away from the valve seat 34. 

10 The plate spring 118, like the one shown in Fig. 5, has formed 

in the center strip 108 no opening serving as a seat in which the 
valve ball 32 is placed. The valve ball 32 is, thus, retained on the 
plate spring 1 18 so as to be allowed to move laterally (i.e., a direction 
perpendicular to the thickness of the plate spring 118). 

15 Fig. 8 shows the plate spring 120 of the second modification. 

The plate spring 120 is made up of rectangular strips 100, 
102, 104, and 106 and a straight center strip 108 each of which has 
a side shared with adjacent one of the strips 100 to 108. 
Specifically, the sides 122, 124, 126, and 128 work as joints 

20 connecting the strips 100 to 108 together and extend substantially 
parallel to each other. The sides 122 and 124 are opposed 
diametrically to the sides 126 and 128 across the center strip 108, 
which causes the spring plate 120 to be deflected in substantially 
the same manner, as illustrated in Fig. 4, in a zigzag form when the 

25 valve ball 32 is urged downstream away from the valve seat 34. 

Fig. 9 shows the plate spring 146 of the third modification. 
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The plate spring 146 is made up of a rectangular outside 
strip 132, a straight center strip 136, and S-shaped strips 140 and 
144 connecting the center strip 136 and the outside strip 132 
together. Outer ends 138 and 130 of the S-shaped strips 140 and 
5 144 are joined to an inner edge of the outside strip 132 and located 
diagonally of the plate spring 146, while inner ends 134 and 142 of 
the S-shaped strips 140 and 144 are joined to diametrically opposed 
portions of an outer edge of the center strip 136. Specifically, the 
center strip 136 on which the valve ball 32 is placed is retained by 

10 the two S-shaped strips 140 and 144 which are 180 degree opposed 
to each other in a circumferential direction of the plate spring 146, 
thereby causing the center strip 136 to be kept in orientation 
substantially perpendicular to the thickness-wise direction of the 
plate spring 146 when the valve ball 32 is urged downstream away 

15 from the valve seat 34 to press the plate spring 146 in the 

thickness-wise direction thereof. The strips 140 and 144 each have 
a zigzag shape, thus resulting in an extended length thereof. The 
strips 140 and 144 are, thus, greater in spring constant for the size 
thereof. 

20 Fig. 10 shows the plate spring 148 of the fourth modification. 

The plate spring 148 is made up of a circular outside strip 
150, a circular inside center strip 154, and U-shaped strips 152 and 
160 connecting the strips 150 and 154 together. Outer ends 158 
and 164 of the U-shaped strips 152 and 160 are joined to an inner 

25 edge of the outside strip 150 and located diametrically of the plate 
spring 148, while inner ends 156 and 162 of the U-shaped strips 
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152 and 160 are joined to diametrically opposed portions of an outer 
edge of the inside center strip 154. The plate spring 148 has the 
center opening 70 in which the valve ball 32 is fitted. 

Fig. 1 1 shows the plate spring 166 of the fifth modification. 
5 The plate spring 166 is made up of the circular outside strip 

150, the circular inside center strip 154, and U-shaped strips 168, 
170, and 172 connecting the strips 150 and 154 together. The 
U-shaped strips 168, 170, and 172 have inside ends which are 
located at equi-angular intervals (i.e., 120 ' ) and retain the center 

10 strip 154 on which the valve ball 32 is placed, thereby causing the 
center strip 154 to be kept in orientation substantially 
perpendicular to the thickness-wise direction of the plate spring 166 
when the valve ball 32 is urged downstream away from the valve seat 
34 to press the plate spring 166 in the thickness-wise direction 

15 thereof. The strips 168, 170, and 172 each have a zigzag form, thus 
resulting in an extended length thereof. The strips 168, 170, and 
172 are, thus, greater in spring constant for the size thereof. 

Fig. 12 shows the plate spring 174 of the sixth modification. 
The plate spring 1 74 is made up of a circular outside strip 

20 150, a circular center inside strip 154, and U-shaped strips 176 and 
184 connecting the strips 150 and 154 together. The U-shaped 
strips 176 and 184 have a width increasing gradually from inside 
ends 180 and 186 to outside ends 182 and 188 thereof. In other 
words, the rigidity of each of the strips 176 and 184 increases 

25 gradually from the inside ends 180 and 186 to the outside ends 182 
and 188. 
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Fig. 13 shows the plate spring 190 of the seventh 
modification. 

The plate spring 190 is made up of a circular outside strip 
150, a circular center inside strip 154, and substantially spiral 
5 strips 192 and 198 connecting the strips 150 and 154 together. 

The spiral strips 192 and 198 have outside ends 196 and 202 joined 
to an inner edge of the outside strip 150 and inside ends 194 and 
200 joined to an outer edge of the inside strip 154. Each of the 
spiral strips 192 and 198 have a longer length by the nature of 

10 geometrical shape thereof. The spiral strips 192 and 198 are, thus, 
greater in spring constant for the size thereof. The spiral strips 192 
and 198 have a v^idth increasing from the inside ends 194 and 200 
gradually to the outside ends 196 and 202, so that the rigidity 
thereof increases outwardly. 

15 Fig. 14 shows the plate spring 204 of the eighth modification. 

The plate spring 204 is made up of a circular outside strip 
150, a circular center inside strip 154, and substantially C-shaped 
strips 206, 208, and 210 connecting the strips 150 and 154 together. 
The strips 206, 208, and 210 connect with an outer periphery of the 

20 inside strip 154 at equi-angular intervals. The strips 206, 208, and 
210 have S-shaped curves 207, 209, and 211 and form a spiral 
spring along with the outside and inside strips 150 and 154. The 
strips 206, 208, and 210 may have the width that is either constant 
or inconstant over a length thereof. 

25 Fig. 15 shows the plate spring 212 of the ninth modification. 

The plate spring 204 is made up of a circular outside strip 



23 

150, a circular center inside strip 154, and substantially C-shaped 
strips 214 and 216 connecting the strips 150 and 154 together. 
The strips 214 and 216 have S-shaped curves 215 and 217, 
respectively, and form a spiral spring as a whole of the spring plate 
5 204, The strips 214 and 216 may have the width that is either 
constant or inconstant over a length thereof. 

U.S. P. No. 5,649,514 and Japanese Patent First Publication 
No. 2000-45897 disclose fuel pressure regulators for automotive 
engines. The fuel pressure regulators include a valve body 

10 disposed upstream of the flow of fuel within a regulator housing. 

When the valve body is moved away from a valve seat to open a valve 
outlet, it will cause the pressure of fuel to drop suddenly to the 
intemal pressure of a fuel tank and also result in a contracted flow 
of the fuel from outside to inside the valve outlet which decreases the 

15 pressure of fuel further. This may result in formation of vapor of 
the fuel. When such a vapor containing fuel jets out of the pressure 
regulator into the fuel tank, it develops a pressure fluctuation which 
is propagated through the fuel with the fuel tank or hits on any parts 
of the fuel tank, thus resulting noisy vibrations. 

20 The above problem may be eliminated by designing the 

pressure regulator 18 as discussed below. 

When the valve ball 32 closes the seat opening 40 of the fuel 
pressure regulator 18, as illustrated in Figs. 1 and 2, the pressure of 
fuel working to open the seat opening 40 acts on only a portion of an 

25 outer area of the valve ball 32 exposed to the seat opening 40 (which 
will also be referred to as a pressure-energized area below). In 
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order to avoid the above problem, it is advisable that the spring 
constant of, for example, the plate spring 28 be selected to be small 
enough to decrease a change in controlled pressure of the fuel per 
flow rate of the fuel (i.e., a pressure gradient AP, as indicated in 
5 equation 1 below. 

AP = kx/ S 

where k is the spring constant, x is the mount of lift of the valve ball 
10 32, and S is the pressure-energized area of the valve ball 32. 

When the pressure is applied to the center annular strip 52 of 
the spring plate 28 through the valve ball 32 in the thickness- wise 
direction of the spring plate 28, it will cause the spring plate 28, as 
illustrated in Fig. 16, to deformed or deflected elastically. The 
15 inclination 0 5 of the center annular strip 52 to the outside annular 
strip 44 is approximated as 

195 = (62-6 1) + (64-63) 

20 An increase in pressure acting on the center annular strip 52 

will result in increases in angles 0 1 to 0 4, but however, the 
increase in angle 0 5 is much smaller than the sum of the increases 
in angles 0 1 to 6 4. Specifically, the joint portions 54, 56, 66, and 
68 of the spring plate 28, as illustrated in Fig. 3, which join adjacent 

25 outer and inner ones of the annular strips 44, 46, 48, 50, and 52 
together are arrayed in alignment with each other in a diameter 
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direction of the plate spring 28 so as to allow the spring plate 28 to 
be deformed into a conical shape in response to pressure 
perpendicular to a plane of the plate spring 28. This arrangement 
serves to decrease the rate of increase in angle 0 5 resulting from the 
5 increase in pressure exerted on the center annular strip 52 through 
the valve ball 32. This results in orientation of the center annulair 
strip 52 which is nearly parallel to the plane of the spring plate 28. 

Figs. 17(a) and 17(b) illustrate dynamic modes of the plate 
spring 28 and a comparative example. 

10 In Fig. 17(a), the orientation of a free end (i.e., the center 

annular strip 52) of the plate spring 28 is kept nearly perpendicular 
to a center line L of the plate spring 28 extending perpendicular to 
the thickness of the plate spring 28 during stroke of the valve ball 32 
on the spring plate 28. The valve ball 32 moves from the position 

15 / to the position E substantially along the center line L extending 
through the center of the seat opening 40. Even if the plate spring 
28 does not have the center opening 70, like the one shown in Fig. 5, 
and permits the valve ball 32 to move perpendicular to the center 
line L on the plate spring 28, the free end of the plate spring 28 is 

20 kept nearly perpendicular to the center line L in the same manner, 
as described above, thereby minimizing a shift of the center of the 
valve ball 32 from the center line L extending through the center of 
the seat opening 40. Specifically, use of the plate spring 28 in the 
pressure regulator 18 ensures the stability of movement of the valve 

25 ball 32, which results in improved accuracy of regulating an opened 
area of the seat opening 40 to control the system pressure (i.e., the 
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fuel pressure upstream of the pressure regulator 18). 

The comparative example, as illustrated in Fig. 17(b), has a 
plate spring 92 cantilevered by a regulator housing (not shown). 
The inclination 0 of a free end of the plate spring 92 on which the 
5 valve ball 32 is placed increases greatly with an increase in pressure 
acting on the plate spring 92, as compared with the plate spring 28. 
Therefore, in a case where the valve ball 32 is not retained firmly by 
the plate spring 92, the valve ball 32 moves from the position / to 
the position Ey and to the position HI regardless of deflection of the 
10 free end of the plate spring 92. In a case where the valve ball 32 is 
retained fixedly by the plate spring 92, the valve ball 32 shifts greatly 
from the center line L extending through the center of the outlet 
opening 96 as moving away from the valve seat 94 of the seat body 
90. 

15 Fig. 18(a) illustrates a dynamic flow of fuel when the seat 

opening 40 of the seat body 42 is opened. The valve ball 32 is, as 
described above, disposed downstream of the valve seat 34, to be 
movable in a downstream direction of the flow of fuel. Thus, when 
the valve ball 32 is moved away from the valve seat 34, it will cause 

20 the fuel to diffuse from inside to outside the seat opening 40, thus 
resulting in no contracted flow of the fuel on the downstream side of 
the seat opening 40. This avoids the formation of fuel vapor 
causing mechanical noises which are objectionable in the 
conventional structure, as described above. 

25 Fig. 18(b) illustrates the conventional structure, as taught in 

the above publications, in which the valve ball 97 is disposed 
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upstream of the valve seat 99. When the valve ball 97 is lifted away 
from the valve seat 99, it will result in a contracted flow of the fuel 
from outside to inside the outlet opening 98, which accelerates a 
drop in pressure of the fuel downstream of the outlet opening 98 
5 leading to the formation of fuel vapor. 

Fig. 19 shows a fuel pressure regulator 72 according to the 
fourth embodiment of the invention which is different from the first 
to third embodiment, as illustrated in Figs. 2, 5, and 6, in that the 
plate spring 74 itself works as a valve to open or close the seat 

10 opening 40 of the seat body 42. 

The seat body 42 has formed on an annular end thereof a 
valve seat 78. The plate spring 74 includes three annular strips 44, 
46, and 48, and a flat center disc 76 which is joined directly to the 
annular strip 48 and has no opening. The housing 38 retains the 

15 plate spring 74 so that the center disc 76 may abut the valve seat 78 
of the seat body 24 to close the seat opening 40 hermetically. Other 
arrangements are identical with those in the one of Fig. 3, and 
explanation thereof in detail will be omitted here. 

Fig. 20 shows a fuel pressure regulator 80 according to the 

20 fifth embodiment of the invention. 

The fuel pressure regulator 80 has a conical valve body 82 
which is fitted firmly in the center opening 70 of the plate spring 28. 
Other arrangements are identical with those in the first embodiment, 
and explanation thereof in detail will be omitted here. 

25 While the present invention has been disclosed in terms of 

the preferred embodiments in order to facilitate better 
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understanding thereof, it should be appreciated that the invention 
can be embodied in various ways without departing from the 
principle of the invention. Therefore, the invention should be 
understood to include all possible embodiments and modifications 
5 to the shown embodiments witch can be embodied without 

departing from the principle of the invention as set forth in the 
appended claims. For example, the plate spring, as described in 
each of the above embodiments, includes an outer peripheral 
portion (e.g., the annular strip 44 in Fig. 3) fixed to the housing 38 to 

10 be stationary, a center portion (e.g., the annular strip 52 in Fig. 3) 
retained to be movable, and a plurality of annular strips (e.g., the 
annular strips 46, 48, and 50 in Fig. 3) disposed between the outer 
peripheral portion and the center portion, but however, it may have 
only one annular portion between the outer peripheral portion and 

15 the center portion. In this case, the plate spring may have at least 
one outside joint portion (e.g., the joint portion 66 or 68 in Fig. 3) 
joining the outer peripheral portion and the annular portion and at 
least one inside joint portion (e.g., the joint portions 54 or 56 in Fig. 
3) joining the center portion and the annular portion. The outside 

20 and inside portions are located diametrically opposed to each other 
across the center portion. In other words, the outside and inside 
portions are 180° opposed to each other across the center portion. 



